Purpose Childhood brain tumors (CBT) are the leading cause of cancer death in children, yet their etiology remains largely unknown. This study investigated whether household exposure to paints and floor treatments and parental occupational painting were associated with CBT risk in a population-based case-control study conducted between 2005 and 2010. Methods Cases were identified through all ten Australian pediatric oncology centers, and controls via nationwide random-digit dialing, frequency matched to cases on age, sex, and state of residence. Data were obtained from parents in mailed questionnaires and telephone interviews. Information on domestic painting and floor treatments, and parental occupational exposure to paint, in key periods relating to the index pregnancy and childhood was obtained for 306 cases and 950 controls. Data were analyzed using unconditional logistic regression, adjusting for frequency matching variables and potential confounders. Results Overall, we found little evidence that parental, fetal, or childhood exposure to home painting or floor treatments was associated with risk of CBT. There was, though, some evidence of a positive association between childhood exposure to indoor painting and risk of high-grade glioma [odds ratio (OR) 3.31, 95 % confidence interval (CI) 1.29, 8.52] based on very small numbers. The OR for the association between CBT and paternal occupational exposure to paint any time before the pregnancy was 1.32 (95 % CI 0.90, 1.92), which is consistent with the results of other studies. Conclusions Overall, we found little evidence of associations between household exposure to paint and the risk of CBT in any of the time periods investigated.
Introduction
Childhood brain tumors (CBTs) are the second most common type of childhood cancer and, collectively, have the highest mortality among childhood malignancies. There are few known causes, with some genetic syndromes such as neurofibromatosis Type 1 and ionizing radiation to the head accounting for less than 5 % of cases [1] .
Previous reviews have indicated that parental exposure to a range of chemicals before pregnancy, and possibly similar exposures in the child, may increase the risk of CBT [1] [2] [3] . Some studies have specifically investigated the association between parental occupational exposure to paints and surface coatings and risk of CBT. In a review of this topic, Savitz and colleagues [4] reported that two out of four studies found positive associations. A further three studies published since the Savitz review also reported positive associations [5] [6] [7] .
Household exposure to paints and surface coatings may also be important, since residents can be exposed for long periods and are unlikely to use protective clothing and masks. However, to our knowledge, only two previous studies have specifically investigated household exposures. A US study of paternal hobbies during pregnancy and after birth found no association with painting, but a weak positive association with paint stripping [8] . Another study reported no association between household exposure to paint during pregnancy and risk of astrocytoma or primitive neuroectodermal tumor (PNET) [9] . These findings were based on small numbers of exposed cases.
It is plausible that paint exposure may be a risk factor for CBT. Occupational exposure to painting has been classed as carcinogenic to humans because of the association with several adult cancers [10] ; and some paints and other surface coatings contain chemical constituents including solvents (e.g., toluene) and other volatile organic compounds (VOCs) with carcinogenic potential [10] . Toluene (and other VOCs) are able to cross the blood-brain barrier due to their lipophilic properties [11, 12] ; thus, it is plausible that direct exposure to relevant compounds may lead to DNA damage in the developing brain. In addition, there is laboratory evidence that toluene causes DNA damage in the sperm of rats [13] ; thus, it is plausible that paternal germ cell damage through preconception paint exposure may lead to cancer in the child [14, 15] .
The Australian Study of Childhood Brain Tumours (Aus-CBT) is a nationwide case-control study conducted between 2005 and 2010 that was designed to investigate environmental and genetic risk factors for CBT. The aim of this analysis was to investigate, in more detail than previous studies, whether parental or filial exposure to paint or other surface coatings such as floor treatments in the home were associated with risk of CBT. We also examined associations with parental occupational exposure during relevant time periods.
Materials and methods
The design and methods of this study have been described in detail previously [16] . Briefly, cases were recruited from 10 pediatric oncology centers around Australia; they were eligible for inclusion if diagnosed between 2005 and 2010 and aged less than 15 years, and had a biological parent available who understood English sufficiently well to participate. In the complete years of recruitment for which registry data were available (to 2008), 97 % of CBT cases were registered as having been treated at one of the participating hospitals (Personal communication, Australian Paediatric Cancer Registry November 2012). Approximately three controls per case were recruited by nationwide random-digit dialing and frequency matched to cases by age, sex, and state of residence to ensure balance of these probable confounders of any effects of the major exposures of interest. Controls recruited in 2005 and 2006 were from a concurrently run case-control study of childhood acute lymphoblastic leukemia (ALL) using identical recruitment methods [17] . Both Aus-CBT and Aus-ALL had Human Research Ethics Committee approval from participating hospitals.
Data collection and exposure categorization
Upon recruitment, mothers and fathers were mailed questionnaires requesting information about demographics, birth characteristics of the participating child, and basic (Yes/No) questions on the environmental exposures of interest, including residential house painting and floor treatments done in the 12 months before the index pregnancy (the ''conception year''), during the pregnancy, and after the child was born (up to the time of diagnosis). Parents were also asked to list all occupations they had held from age 15 to the time of the child's diagnosis. If household painting or floor treatments had been carried out, a comprehensive computer-assisted telephone interview (CATI) was performed to obtain detailed information, including the type of paint/treatment used, who did the painting/treatment, the number of rooms treated, and the number of occasions it was done. For floor treatments, parents were asked to specify the type of surface (floorboards/tiles/other), treatment types (stains/varnishes/sealants, adhesives, other) and number of rooms treated. Follow-up CATI questions were also asked when a parent listed an occupation involving potential exposure to an agent of interest, with detailed information being sought about the nature and timing of that exposure.
We assessed parental occupational exposure to paints qualitatively (i.e, exposed or non-exposed) based on the job characteristics obtained in the telephone interviews. These assessments were made based on a priori exposure rules, created by two of the authors (SP, DG). Subjects were classified as being exposed to paints in a certain occupation if they were employed as a painter or as panel beater in a body shop, or when they indicated they had used paint. Jobs that were asked questions about paints included carpenter, cabinet maker, engineering technician, military, fisherman, shipping, mechanic, metal worker, railway worker, and teacher. Occupational parental exposure to paints was assigned for each job held from age 15. Exposures were examined for any time before the child's birth for both fathers and mothers, ''during pregnancy'' (the year before the birth year) for mothers and ''the conception year'' (2 years before the birth year) for fathers.
Statistical analysis
Odds ratios (OR) and 95 % confidence intervals (CIs) were estimated using unconditional logistic regression in PASW Statistics for Windows version 18 (SPSS Inc., Chicago, IL, 2009). All models were adjusted for the frequency matching variables (child's age, sex, state of residence) so that confounding by these variables was fully taken account of in every analysis [18] . In addition, models were adjusted for variables meeting the empirical criteria for confounding; i.e., they were associated with the exposure in controls and with case/control status or study participation. For indoor painting and floor treatments, these were child's year of birth, ethnicity, parental education, maternal age group, and professional pesticide treatments. For outdoor painting at home, they were child's year of birth, ethnicity, household income, and maternal age group; and for paternal occupational painting, they were paternal education, year of diagnosis/ recruitment, and paternal occupational exposure to diesel exhausts in the 2 years prior to birth.
A detailed description of household painting and floor treatment exposure metrics has been published previously [19] . Exposures were accumulated until the censoring date: date of diagnosis for the case families and the date of written questionnaire return for the control families (since controls were frequency matched-rather than individually matched-to cases, there was no matched case from which to create a pseudo date of diagnosis). For indoor painting, the main focus was the type of paint used (''water-based only'' and ''any oil-based ± water-based'') and the relevant exposure period. We also examined painting carried out by someone other than the parents (often a professional painter) as this may result in different exposure intensity for people living in the home. Indoor painting was also investigated by CBT subtype. For outdoor painting, the main focus was on who had applied the paint (mother before/during pregnancy and father before pregnancy) as a child's high exposure to paint outside the house was considered unlikely because dilution of the exposure in outside air. In each case, the reference category was no exposure to that specific treatment (indoor painting, outdoor painting, or floor treatments, respectively) from the 12 months before the pregnancy to the censoring date.
Results
Between 2005 and 2010, 730 eligible CBT cases were identified, of whom 568 were invited to participate by their treating physician and 374 families consented (65.8 % of invited, 51.2 % of eligible). In the same time period, 3,624 eligible control families were identified, of whom 2,255 (62.2 %) consented to participate. In accordance with our frequency matching criteria, 1,467 of these were recruited to the study.
Basic information on household paint and floor treatment exposure was available from written questionnaires for 306 (81.8 %) case families and 950 (64.8 %) control families. Detailed information on household paint and floor treatment exposure from the CATI (i.e., who painted, and location, frequency, and type of paint) was available for 288 (77 %) case families and 917 (62.5 %) control families. Information about occupational exposure to paint was available for 247 (66 %) case fathers and 302 (81 %) case mothers, 799 (55 %) control fathers and 941 (64 %) control mothers.
The characteristics of case and control families are shown in Table 1 . Control children were more likely to be female, of European ethnicity, and have an older mother, and less likely to have a parent without a secondary education. There was some overrepresentation of controls recruited in [2005] [2006] , as these were selected to match cases from the concurrent Aus-ALL Study. Painting inside the house
We saw little evidence of an association between indoor painting in any time period and risk of CBT (Table 2) , and little variation by paint type or number of rooms painted. Although several of the ORs for painting done by a person other than the parents appeared to be elevated, the estimates were imprecise due to small numbers and there was no evidence of a dose-response relationship. When any indoor painting was analyzed by tumor subtype, the results for low-grade glioma and embryonal tumors were similar to the overall results, while the ORs for high-grade glioma were elevated for all time periods and particularly for painting after birth, although the estimates were imprecise (Table 3) .
Painting the outside of the house
There was no evidence of any positive association of the mother painting the outside of the house before or during pregnancy or the father doing so before pregnancy with the risk of CBT, except for an elevated OR for maternal use of oil-based paints during pregnancy. However, this was based on only four exposed cases/controls (Table 4) .
Floor treatments
The ORs for floor treatments in the home were mostly close to or below the null, and most estimates were imprecise due to small numbers (Table 5) .
Occupational exposure to paints
ORs for paternal occupational exposure to paint were slightly elevated for exposure any time before the child's birth and in the conception year, although these results lacked precision (Table 6 ). Maternal occupational exposure to paints was not analyzed, as there were only two cases and five control mothers exposed any time before the child's birth.
Discussion
We found little evidence that parental preconception, fetal, or childhood exposure to indoor or outdoor painting or floor treatments was associated with an increased risk of CBT. Elevated ORs were seen for indoor painting in each time period and risk of high-grade glioma, but these were based on small numbers. We also found little evidence that ORs adjusted for matching variables, maternal age group, child's year of birth group, ethnicity. Reference group is no household painting outdoors from 1 year before the pregnancy to the censoring date paternal occupational exposure to paint was associated with risk of CBT overall. Although the ORs were somewhat elevated for gestational exposure to indoor painting if done by a person other than the parents, the 95 % CIs were wide; moreover, the ORs were higher for water-based than for oil-based paints and no dose-response relationship was evident, suggesting that this association was probably due to chance. Our largely null findings are similar to those of the two previous studies of household paint exposure and the risk of CBT [8, 9] . The positive associations we observed for high-grade gliomas are interesting and require replication. It is biologically plausible that susceptibility to environmental exposures may vary by CBT subtype, although this may be a chance finding as it is a subgroup analysis based on small numbers.
The slightly elevated ORs we observed for paternal occupational paint exposure are similar to those of most previous occupational studies, as reported in a 1990 review [4] . Three additional studies published since the review has also reported at least some evidence of an increased risk of CBT with paternal occupational paint exposure: 1.50 (95 % CI 0.79, 2.66) [7] , 3.65 (95 % CI 1.71, 7.80) [6] , and 1.3 (95 % CI 0.5, 3.4) [5] . Another study had insufficient cases to analyze [20] .
To our knowledge, our study is the first to comprehensively examine potential associations between CBT risk and household paint exposure to parents and children during relevant time periods, including the type of paint used, number of rooms painted, and person doing the painting. Our findings suggest that the level of paint exposure associated with domestic painting is not associated with risk of most types of CBT. However, paternal occupational exposure to paints may be associated with an increased risk and is plausible, since it is likely to involve heavier exposure to paint over longer periods than in domestic exposure, and exposure to solvent-based agents used to clean painting equipment and painted surfaces. The most likely potential biological mechanism would be through DNA damage to the paternal germ cell in the period leading up to conception. However, the ORs for any occupational exposure to paint were similar to those for exposure during the conception year, suggesting that exposures further in the past may also be important. The compounds in modern paints that could plausibly underlie the observed associations include xylene, toluene, and mineral spirits [21] . That it was population-based, with case recruitment from all 10 pediatric oncology centers in Australia, and control recruitment was undertaken by national randomdigit dialing using state-of-the-art methods, are strengths of this study. During the recruitment period, around 90 % of the Australian population had a landline telephone [22] . Detailed data on the specific nature of the domestic and occupational exposures of interest were collected in CATIs conducted by staff blinded to case/control status. We were also able to distinguish between exposure in different time periods relating to conception, gestation, and after the child's birth.
This study also had some limitations. Despite extensive efforts, participation fractions were less than ideal and, as previously reported, area-based measures of socioeconomic status (SES) were higher among participants than in the general population [16] . Further, among our study participants, a higher proportion of higher SES parents than lower SES parents reported painting their house or treating the floors in their home in the time periods of interest. Together, these facts indicate that these activities are likely to have been reported more by participants than would be the case in the general population. Given that both participation fractions and questionnaire completion were lower among controls than cases, these activities were probably overrepresented more among controls. Although this would generally tend to lead to an underestimation of the true ORs, the direction of any bias is difficult to predict for the various categories of painting exposure examined in this study. We aimed to minimize the impact of selection bias by adjusting for factors related to the exposures of interest and to participation, including ethnicity, parents' education, and income.
There is likely to have been error in the reporting of exposure, as parents were asked to recall details of treatments that occurred up to 15 years previously; however, for most families, the period of recall would have been 7 years or less. Although recall error is still possible, the main effect would be to bias the ORs to the null if it were non-differential for cases and controls. As in all casecontrol studies, however, case parents' rumination about potentially harmful exposures may have led to overreporting relative to control parents. It is therefore possible that the modest increases in some ORs were at least partly attributable to recall bias.
Indoor painting done by someone other than the parents-most likely a painting contractor-may be important, as more rooms are likely to be painted over a shorter time frame; thus, the intensity of exposure for those living in the home may be higher, even if over a shorter period. Floor treatments, unlike painting of walls and ceilings, usually necessitate vacation of the rooms/house treated during the curing process; therefore, actual exposure may be less, which may partially explain the lower ORs observed for floor treatments at home.
In conclusion, apart from weak evidence of a positive association between childhood exposure to indoor painting and risk of high-grade glioma, we found little evidence that exposure to paints at home, or parental exposure at work, was associated with risk of CBT.
